Abstract Minor stroke and transient ischemic attack (TIA) are common disorders with a high rate of subsequent disabling stroke, so the early recognition and management of minor stroke and TIA is of great importance. At the moment, the diagnosis of these disorders is based on neurologic deficits in a stroke-clinician's examination of the patient, supplemented by the results of acute brain imaging. However, high variability in TIA diagnosis has been reported between physicians, even trained vascular neurologists, and image-based diagnostic confirmation is not always readily available. Some patients still have ischemic events despite sustained standard secondary preventive therapy. Blood biomarkers are promising to aid in the diagnosis, risk stratification, and individual treatment of minor stroke and TIA. Some studies are being conducted in this field. This mini-review aims to highlight potential biomarkers for diagnosis and those helpful in predicting the risk of future stroke and the selection of treatment.
Introduction
Epidemiologic studies have shown that minor ischemic strokes account for 30% of annual new strokes, which are defined as strokes with mild and non-disabling symptoms [1, 2] ; a recent cross-sectional nationwide study showed that the age-standardized prevalence of TIA is 2.27% in China [3] . Early initiation of preventive therapy after TIA or minor stroke is associated with an 80% reduction in the risk of recurrent stroke within 3 months [4] , indicating that early recognition of TIA or minor stroke is of great importance.
At the moment, the diagnosis of ischemic stroke is based on neurologic deficits in a stroke-clinician's examination of the patient, supplemented by the results of acute brain imaging. However, high variability in TIA diagnosis has been reported between physicians, even trained vascular neurologists [5, 6] . The diagnosis of minor stroke has been greatly improved by sophisticated multimodal brain imaging and the use of magnetic resonance imaging (MRI), which has greater sensitivity and specificity in detecting ischemia than traditional imaging tools like computed tomography [7] . However, none of these imaging modalities have achieved a satisfactory diagnostic value. The problems are further aggravated by contraindications for MRI or its unavailability in small hospitals or at night. Thus, these issues call for the development of an easily-accessible test that is available 24-hours per day to further improve the correctness and convenience of diagnosis. Evidence supports the idea that biomarkers play a role in the diagnosis of minor stroke and TIA, and indicates that measurements of biomarkers could be promising. The analogy to troponin for the diagnosis of acute coronary syndromes is obvious.
Minor ischemic stroke or TIA per se does not result in major disability, but it has a substantial risk of a subsequent ischemic stroke. It has been estimated that after the index event, 10 to 20% of these patients have a stroke within 3 months, most of which occur within the first 2 days [8] [9] [10] [11] . A recent study reported a lower risk of recurrent stroke due to better implementation of secondary prevention as recommended by current guidelines [12] . However, the prognosis of recurrent stroke is mostly unfavorable [13] . Several clinical conventional risk factors and higher ABCD 2 scores have been associated with recurrent stroke, but these factors do not fully explain the risk of recurrent stroke [12, 14] .
In addition to the conventional risk factors of recurrent stroke, researchers have identified several biomarkers to predict the occurrence and progression of minor stroke and TIA. These biomarkers play a critical role in confirming the ischemic etiology of transient or mild neurological deficits and may serve as a surrogate endpoint in guiding the choice of management strategy. In this review, we first elaborate on potential biomarkers for the diagnosis of minor stroke and TIA, and then focus on those that may help in predicting the risk of future stroke and guiding the choice of treatment.
Biomarkers in Diagnosis Genes
Plasminogen Activator Inhibitor 1
Genetic risk factors play an important role in the etiology of vascular diseases. The insertion/deletion polymorphism 4G/5G in the promoter region of the plasminogen activator inhibitor 1 (PAI-1) gene has been associated with an increased risk of myocardial infarction [15, 16] . A prior study found that the 4G/4G genotype tends to be less frequent in patient with minor stoke and TIA, especially in young patients [17] .
mtDNA Sub-haplogroup K Chinnery et al. investigated the mtDNA haplogroup distribution in two independent UK cohorts of patients with TIA or ischemic stroke and found that genetic variation of mtDNA sub-haplogroup K is an independent determinant of the risk of cerebral, but not coronary, ischemic vascular events. These findings suggest mitochondrial mechanisms in the etiology of ischemic stroke and provide a new approach to identifying individuals with a high susceptibility to developing ischemic stroke [18] .
5,10-Methylenetetrahydrofolate Reductase
Homocysteine might be a potential predictor of ischemic stroke or TIA. A common C677T mutation in the gene for 5,10-methylenetetrahydrofolate reductase (5,10-MTHFR) has been linked to elevated homocysteine levels and has therefore been suspected to be a candidate genetic risk factor for arterial occlusive disease. The authors investigated the prevalence of the C677T MTHFR mutation in addition to factor V Leiden mutation in patients with minor stroke or TIA. No differences in the prevalence of the MTHFR mutation were found between patients and controls, whereas there was a trend towards a higher prevalence in carriers of factor V Leiden in the patients. The combination of C677T MTHFR mutation and factor V Leiden might unfavorably affect the clinical course [19] .
Proteins

Platelet Basic Protein
Besides genetic methods, the emerging science of proteomics provides a unique platform for investigating biomarkers of ischemic disease. A recent study with a small sample size used mass spectroscopy-based proteomics to identify serum biomarkers of minor stroke and TIA. By verification in a second cohort of patients, platelet basic protein was identified as a candidate serum biomarker for TIA [20] .
Biomarkers in Stroke Subtypes
Protein
Homocysteine Ischemic stroke is a heterogeneous disease with variable pathogenesis [21] . Homocysteine has been shown to cause vascular damage by damaging the vascular matrix and augmenting the proliferation of vascular smooth muscle [22] . An association between increased plasma homocysteine and ischemic stroke caused by large-artery atherosclerosis and small-artery disease was reported in earlier studies [23, 24] . A previous study then investigated the relationship between serum homocysteine levels and ischemic stroke subtypes in patients with acute ischemic stroke within 7 days of symptom onset or TIA. The homocysteine level was measured on the second day after admission. They found that, among the subtypes of ischemic stroke, patients with small-vessel disease and confluent leukoaraiosis had the highest homocysteine levels [25] .
Biomarkers in Prognosis
Proteins
Unlike the diagnostic biomarkers, those helpful in risk prediction are less likely to come from injured brain tissue, but rather from the pathological substrate underlying arterial occlusion, which in most cases would be an atherosclerotic plaque. Therefore, an active plaque that is at high risk for rupture and thrombus formation should be the main focus of the search for biomarkers predicting the risk of future vascular events. This could further help to identify patients most likely to benefit from endovascular therapy or surgery. Some of the biomarkers aimed at the prognosis of minor stroke or TIA are summarized in Table 1 .
Lipoprotein-Associated Phospholipase A2 and Soluble CD40L
Both lipoprotein-associated phospholipase A2 (Lp-PLA2) and soluble CD40 ligand (sCD40L) have been linked to atherosclerotic plaque inflammation and instability [26, 27] . The result of the Clopidogrel in High-Risk Patients With Acute Non-disabling Cerebrovascular Events (CHANCE) trial indicated that Clopidogrel plus aspirin is superior to aspirin alone in reducing the risk of recurrent stroke among patients with acute minor stroke and TIA [28] . Two sub-studies of the CHANCE trial focusing on blood biomarkers in prognosis have been reported recently. They included *3000 samples [29, 30] . The authors determined the levels of Lp-PLA2 and sCD40L in the acute period and found that both were associated with an increased risk of recurrent vascular events within a 90-day follow-up.
High-Sensitive C-Reactive Protein
hsCRP is one of the most-investigated inflammatory markers for the prognosis of ischemic events. It has also been associated with active plaques. hsCRP levels determined within 24 h of symptom onset in patients with TIA have been associated with an increased risk of recurrent stroke [31] .
On the other hand, several studies have elaborated the predictive value of hsCRP in mortality, but few have investigated its association with functional disability in patients with stroke. A recent study recruited 977 patients with acute non-cardioembolic ischemic stroke or TIA with middle cerebral artery stenosis, and found that elevated hs-CRP levels independently predicted a 1-year poor outcome defined as Modified Rankin Scale (mRS) 3-6 [32] . However, the patients with major stroke were also included in this study.
Antiphospholipid Antibodies
Antiphospholipid antibodies are a diverse collection of autoantibodies which are directed at plasma proteins bound to phospholipid membranes. These antibodies have been Lp-PLA2 lipoprotein-associated phospholipase A2, sCD40L soluble CD40 ligand, hsCRP high-sensitivity C-reactive protein, sTNFR-1 soluble tumor necrosis factor a receptor-1, vWF von Willebrand factor, HFABP heart-type fatty-acid-binding protein, NT-proBNP N-terminal pro-B-type natriuretic peptide.
associated with thrombosis in antiphospholipid antibody syndrome [33] and atherosclerotic vascular disease in individuals without antiphospholipid antibody syndrome [34] . A prior study enrolled 167 patients with TIA within 48 h of symptom onset and measured the levels of antiphospholipid antibodies. They found that anti-phosphatidylserine/ prothrombin IgG antibodies are independently associated with stroke or death in patients with TIA [35] .
Soluble Tumor Necrosis Factor a receptor-1, von Willebrand Factor, Heart-Type Fatty-Acid-Binding Protein, and N-terminal pro-B-type Natriuretic Peptide Some blood biomarkers have been found to be predictors of all-cause death, despite the absence of an association with the risk of nonfatal stroke. Greisenegger and colleagues measured fifteen biomarkers in 929 patients with minor stroke and TIA in a population-based study. During 11-years of follow-up, none of the biomarkers predicted the risk of non-fatal vascular events. However, soluble tumor necrosis factor a receptor-1, von Willebrand factor, hearttype fatty-acid-binding protein, and N-terminal pro-B-type natriuretic peptide independently predicted all-cause death. Among these four biomarkers, N-terminal pro-B-type natriuretic peptide was most predictive of vascular death, whereas heart-type fatty-acid-binding protein predicted cancer death. These results might help to improve the selection of patients for additional screening for occult cardiac disease or cancer [36] .
Biomarkers of Response to Therapy
Proteins Though sets of biomarkers to help in the diagnosis and prognosis would be very helpful, this is of little importance compared to the practical question -how to reduce the high risk of recurrence -since the challenge will remain even if we can accurately identify patients with a high risk of future strokes. Antiplatelet treatment is the mainstay of secondary prevention of ischemic stroke and TIA. However, some patients still have ischemic events despite sustained antiplatelet therapy. Besides clinical risk factors, some markers, such as hsCRP [37, 38] , sCD40L [39, 40] , fibrinogen [41] , and genetic polymorphisms of glycoprotein IIIa, COX-1, COX-2, and P2Y12 [42] have been suggested to be predictive of such failure of antiplatelet treatment in patients with cardiovascular disease. However, there is still controversy with regard to patients with ischemic stroke and little is known about biomarkers for individualized antiplatelet treatment in patients with minor stroke and TIA [43] .
Glycated Albumin
The result of another sub-study of the CHANCE trial showed an interaction of baseline glycated albumin (GA) levels with dual and single antiplatelet therapy groups in the CHANCE trial cohort, indicating that GA predicts the effects of dual and single antiplatelet therapy in patients with minor stroke or TIA [44] . This finding might be useful for identifying those minor strokes and TIAs most likely to benefit from dual antiplatelet therapy (those with low GA) and prevent an unnecessary risk of hemorrhage in those unlikely to benefit (those with high GA) [45] .
Conclusion and Future Perspectives
Biomarker guidance is a promising strategy to aid in the diagnosis and prognosis of minor stroke and TIA, thereby improving early management. However, many theoretical and practical challenges still stand in the way. First, consensus on the definition of a ''minor stroke'' is needed. A prior study suggested a definition of conscious patients scoring B1 on every NIHSS item or patients with NIHSS B3 is most suitable to define a ''minor stroke'' for clinical and research purposes, because it gave the best short-term and medium-term outcomes compared with other definitions [46] . Second, most of the recent studies that focused on biomarkers did not consider minor and major stroke as distinct entities. Whether minor stroke and TIA have specific biomarker patterns needs to be confirmed. Third, emphasis should be put on careful and standardized phenotyping of ischemic stroke and stroke subtypes when looking for biomarkers, given that meta-analyses of extant genome-wide data illustrate the need to focus on subtypes of ischemic stroke for gene discovery [47] . Fourth, multiomics analysis provides a good platform for studies of biomarkers. Epigenetic analysis and gene profiling are used as diagnostic tools in cardiovascular disease and cancer. Similar research tools are now beginning to be used for the diagnosis of stroke. For example, changes in the KCNQ1 methylation pattern have recently been shown to be useful as potential stroke biomarkers [48] . Further studies are needed to determine the role of DNA methylation in the diagnosis and prognosis of minor stroke and TIA. Finally, standardized clinical trials using an accepted protocol for measuring biomarkers and intervention targeting at the biomarkers are needed to test their usefulness.
